SUMMARY Immunohistochemical studies were performed in thirty skin biopsies from patients with Kaposi's sarcoma, who did and did not have the acquired immune deficiency syndrome (AIDS). Tumour histogenesis was rigorously tested using a battery of endothelial cell markers, which included two new monoclonal antibodies, EN4 and PAL E. These are both specific for endothelial cells and can be visualised in appropriately fixed paraffin embedded tissue. Whereas EN4 labels all endothelial cells, PAL E is negative in endothelium of lymphatic derivation. Lectin binding with Ulex europaeus agglutinin 1 (UEA-1) and the presence of factor VIII related antigen (FVIIIRA) and laminin were also examined.
and false positivity has been reported in tumours of non-vascular derivation.7 8 These factors may account for the conflicting reports obtained in previous studies of Kaposi's sarcoma.9-13 A few authors have used lectin binding with UEA-1, but again no consensus has emerged in studies of Kaposi's sarcoma.14 15 There is also the need to distinguish between vascular and lymphatic endothelium.
Although Ulex europaeus agglutinin 1 (UEA-1), FVIIIRA, and laminin have all been used to identify capillaries of vascular origin, '16-' The monoclonal antibody EN4, which was raised by immunising mice with human umbilical cord endothelial cells and fusing the spleen cells with mouse NSI cells, was produced and characterised as described previously.24 This antibody binds to all blood and lymphatic vessels in the skin.'9 Monoclonal antibody PAL E binds to endothelial cell membrane antigens in blood vessels but not lymphatics. Both monoclonal antibodies were used undiluted.
Sections were stained by indirect immunoperoxidase staining. Endogenous peroxidase was blocked using methanol with 1% H202. Binding of the peroxidase labelled second antibodies was shown using 3-3-diaminobenzidine and H202, and sections were counterstained with Mayer's haematoxylin. Methacarn and PLP fixed sections were digested with 1% protease solution (Sigma) for 15 minutes before staining with antibodies to laminin and antibody PALE. Sections treated with antibody EN4 and UEA-1 followed by anti-UEA-1 were not predigested. Monoclonal and polyclonal antisera to FVIIIRA were used with and without protease predigestion.
Results

HISTOLOGY
The nodular lesions of Kaposi's sarcoma comprise a variable mixture of vascular and spindle cell elements. The spindle cell areas contained a large number of slit like spaces, which were stuffed with erythrocytes and gave the tumour a loosely textured appearance. Sectioned transversely, these areas exhibited a sponge like or honeycomb network of blood filled spaces. Usually these spaces lacked a discernible row of lining cells. Local collections of capillary like vessels were, however, present within the body of the tumour, as well as larger vascular structures. These different elements need to be considered separately in establishing histogenesis. Our study included 18 biopsy specimens from nodular lesions, three of which were from AIDS related cases.
Early lesions of Kaposi's sarcoma showed a rather different histology. Small nodular foci were commonly seen as the earliest manifestation of a Kaposi lesion. These contained a few spindle cells and numerous vascular channels and were usually associated with an inflammatory cell infiltrate. In addition, biopsy specimens from several patch stage lesions were characterised by a network of empty angulated spaces within the dermal connective tissue, giving rise to a dissection of collagen appearance, not dissimilar In nodular lesions of Kaposi's sarcoma the only marker that was consistently positive in the spindle cell areas was EN4, which showed weak or moderate reactivity in all tumours examined (Fig. 1) . PALE was consistently negative, and the other three markers were more variable in their expression. (Table 2 ). Thus most of the tumours showed weak to moderate lectin binding, but the degree of reactivity varied between different parts of the same tumour, and in some areas was entirely negative. Results obtained with the polyclonal antisera were more difficult to interpret as non-specific staining can occur with polyclonal antisera and protease predigestion. This was particularly true of FVIIIRA, which is a cytoplasmic marker and showed diffusion of the reaction product around principal blood vessels. Serial sections were therefore examined using both monoclonal and polyclonal anti-FVIIIRA reagents-with and without protease predigestion. These studies showed focal areas of moderate reactivity for FVIIIRA within the tumour nodules. These areas corresponded to foci of well differentiated capillary proliferation, which histologically were difficult to distinguish from the surrounding tumour mass. The areas of undifferentiated spindle cell proliferation were either negative or only weakly positive with the monoclonal antibody to FVIIIRA and the polyclonal antisera to laminin (Table 2) . EARLY 
LESIONS
Lesions showing small prolifative foci showed a rather different staining pattern to the larger nodular lesions. In several cases there was moderate staining for FVIIIRA and laminin, as well as variable PAL E reactivity and strong reactivity with EN4 and UEA-I (Fig. 2) . These early lesions were, however, highly vascular, and care was needed to distinguish the abnormal spindle cells from proliferating vessels with strongly stained endothelium. Six patch stage lesions showed lymphangiomatous changes. The cells lining these angulated spaces showed moderate reactivity with EN4, weak to moderate reactivity with UEA-1, and negative reactions with PALE and monoclonal FVIIIRA (Fig. 3 and Table 3 ). This mimics precisely the staining characteristics of normal lymphatic endothelium. The subendothelial region also showed only weak reactivity with polyclonal antisera to laminin. No differences in the staining characteristics were seen between AIDS and non-AIDS related cases. Finally, recent studies of predominantly AIDS related Kaposi's sarcoma have shown histochemical reactions, which more closely resemble those found in normal lymphatic endothelium. Thus 5-nucleotidase Kaposi's sarcoma in patients with and without AIDS was positive in five of sixteen spindle cell lesions, whereas adenosine triphosphatase and alkaline phosphatase activity were negative.28
In conclusion, we found that Kaposi's sarcoma is certainly a tumour of endothelial cell origin. A derivation from lymphatic endothelium seemed certain for the lymphangiomatous variant and probable for the nodular variety of the tumour. EN4 has proved to be a reliable marker for malignant endothelial cells and should be of value in diagnosis. Further work is required to establish whether retroviruses selectively colonise lymphatic endothelium and whether lymphatic endothelium cells might be able to support the growth of AIDS related retroviruses.
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